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Abstract 
We present a complete sequence and an annotation of the mitochondrial genome of the 
woolly mammoth (Mammuthus primigenius) found in 2012 on Maly Lyakhovsky Island 
(North-Eastern Siberia, Russia). The genome was 16,851 bp long and contained 13 
protein-coding, 22 tRNA, and 2 rRNA genes. It was AT reach (61.3%) with A = 32.9%, 
T = 28.4%, C = 25.3%, and G = 13.4%. 
Keywords 
Ancient DNA, Elephantidae, North-Eastern Siberia, mitogenome, Maly Lyakhovsky 
Island 
Main text 
A partial carcass of a woolly mammoth female adult (Mammuthus primigenius) was found on the Maly 
Lyakhovsky Island (74°13'N, 141°03'E) of the New Siberian Islands archipelago in 2012. The remains 
contained relatively well-preserved soft tissues in some parts of the body (Grigoriev et al. 2017). The 
anatomy, morphology, hematology, histology and composition of intestinal microbal communities of this 
specimen were described in Grigoriev et al. (2017). To examine the level of DNA integrity in the 
specimen, and to study its phylogenetic relationships with other woolly mammoths, the tissue samples 
were collected for DNA extraction and sequencing of complete mitochondrial genome. 
Samples of trunk muscle tissue were taken with sterile scalpel and scissors. Bone fragments were 
taken from a brachial bone and a rib. DNA isolation from each sample was performed using the PrepFiler 
BTA Forensic DNA Extraction Kit (Applied Biosystems / Thermo Fisher Scientific), DNA IQ System 
(Promega Corporation) and phenol-chloroform purification with modifications. An appropriate negative 
control was used at every step. The detailed DNA extraction protocol is provided in supplementary 
material. 
PCRs were carried out in GeneAmp PCR System 9700 (Applied Biosystems, USA) using a set of 
primers covering whole mitochondrial genome and specifically designed for this study using Primer3 
program (Untergasser et al. 2012). The amplification conditions and primer sequences are provided in 
supplementary material. Sequencing was performed on an ABI 3130XL automatic sequencer (Applied 
Biosystems) using the Big-Dye®Terminator 3.1 kit (Applied Biosystems) and the same primers that were 
used for PCR amplification. 
All available complete and partial mitochondrial genomes of other mammoths were downloaded from 
GenBank, aligned using Clustal Omega (Sievers et al. 2011) and trimmed manually for repetitive regions 
and gaps. The phylogenetic trees were generated using the maximum likelihood (ML) method and IQ-
TREE 1.6.3 (Nguyen et al. 2015) with 1,000 ultrafast bootstrap replicates. 
We were able to amplify the fragments up to 1,500 bp long (Figure S2 in supplementary material) 
confirming a relatively good DNA preservation considering the age of the specimen (32480-32930 years; 
Grigoriev et al. 2017). To the best of our knowledge, the only study, where similar level of amplification 
efficiency was achieved for aDNA, was performed on genomic DNA extracted also from the muscle 
tissue of a mammoth (Rogaev et al. 2006). 
The mitogenome of our M. primigenius specimen was 16,851 bp long (NCBI GenBank accession 
number MF770243) and based on annotation included 13 protein coding, 22 tRNA and 2 rRNA genes in 
a typical vertebrate gene order. Short tandem repeats (ACGCAT)≥40 were found between conserved 
sequence block 1 (CSB1) and CSB2 of the control region. It is difficult to estimate certain number of 
repeats due to possible polymerase stuttering or real heteroplasmy (Rogaev et al. 2006). 
Woolly mammoths belonging to the two major phylogenetic lineages are known to occur in North-
Eastern Siberia (Chang et al. 2017). The studied specimen was clustered together with the members of 
“Clade 1” (as defined in Chang et al. 2017; Figure 1). 
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